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Abstract. Individuals from three isolated, rural communities in the western Brazilian Amazon were evaluated for
serological markers of hepatitis B virus (HBV) infection, HBV genotype, and the presence of risk factors for infection
and transmission. Of the 225 individuals studied, 79.1% had serological evidence of HBV infection; 10.2% individuals
were chronic carriers for HBV surface antigen (HBsAg-positive). Analysis of risk factors indicates that HBV is trans-
mitted mainly horizontally within the family from a chronic “active” carrier for hepatitis B “e” antigen (HBeAg-
positive), though a strong possibility of vertical transmission remains. The predominance of HBV genotype F, with a
higher genomic similarity between the isolates, indicated a relatively recent introduction of HBV, from a common
source, to the area. This study sheds light on the HBV epidemiology in the Brazilian Amazon region and highlights the
need for greater emphasis on HBV control and immunization programs.

INTRODUCTION

Hepatitis B virus (HBV), a significant threat to public health,
is one of the most important human pathogens. Approx-
imately two billion people worldwide present serological evi-
dence of past or current HBV infection and nearly 360 million
individuals are estimated to be chronic carriers of HBV that
may progress to death from cirrhosis and its complications,
and hepatocellular carcinoma.1

The Amazon is one of the regions with a high prevalence
of diseases associated with HBV infection.2–4 Since the early
1960s, outbreaks of fulminant hepatitis associated with hep-
atitis D virus (HDV) superinfection of an HBsAg carrier,
known as “Lábrea Black Fever,”5 have been reported from
rural communities of the region.
Despite its burden on the health of the population, the

mechanisms of transmission of HBV in the Amazon are still
not clearly defined. Vertical transmission does not appear to
be significant, but intra-family transmission, associated with
the presence of an HBV carrier is commonly described.6,7

The HBV is classified into 10 genotypes (A to J), originally
distributed within specific populations. Human migrations
and miscegenation defined the pattern of geographical distri-
bution observed today.8–10 Genetic diversity, besides being
associated with the clinical severity, treatment failure, and
factors affecting vaccine response,11 may also contribute as
tools for characterizing transmission patterns.12–14

Seroepidemiological studies, carried out in the municipality
of Lábrea after the introduction of the hepatitis B vaccine in
1989, revealed a pattern of low and moderate endemicity of
HBV infection with an anti-HBc total prevalence of 27.9%
among those born in the city of Lábrea to a high prevalence
among individuals from the rural zone (67.9%).2 In view of
these results, 54 rural communities along the Purus River, at
the outer edges of the municipality, were studied and a het-
erogeneous pattern of HBsAg prevalence was found, ranging
from 0% to 37.2% among the communities evaluated.15

The aim of this study was to determine the HBV prevalence,
risk factors associated with HBV transmission in three commu-
nities previously screened, and the phylogenetic analysis of the
HBV. The communities were chosen based on the rate of HBV
infection15 in the municipality of Lábrea, a region in the Purus
river basin of the Amazonas state of Brazil.

MATERIAL AND METHODS

All individuals of the three riverines communities of
the municipality of Lábrea were evaluated: Madeirinho
(07°34¢19.1²S/65°26¢31.4²O); Praia do Buraco (07°17¢48.6²S/
64°58¢28.3²W), and Samaúma (07°18¢51.1²S/65°08¢42.1²W)
(Figure 1). As the transmission dynamic was being studied,
the three communities were chosen based on their increasing
endemicity of HBsAg.15

The families were evaluated in their homes after obtaining
their formal consent to take part in the study. Each partic-
ipant of the study answered a questionnaire concerning the
socioenvironmental and epidemiological characteristics. After
the interview, a 10 mL blood sample was requested.
The serum samples were tested for HBV markers using

commercially available enzyme immunoassays (DiaSorin,
S.p.A., Saluggia, Italy), following the procedures recommended
by the manufacturer. All the serum samples were tested for
quantitative hepatitis B surface antibody (anti-HBs), total
antibody to hepatitis B core antigen (anti-HBc), and HBsAg.
Anti-HBs was defined as positive if the result was higher than
10 IU/mL.16 Those reactive to total anti-HBc were tested for
total antibody to hepatitis D (anti-HD), and all the samples
that were reactive for HBsAg were tested for hepatitis B “e”
antigen (HBeAg) and antibody to HBeAg (anti-HBe).
In the HBsAg-positive samples, the HBV DNA levels

were quantified by the COBAS AmpliPrep-COBAS TaqMan
Hepatitis B virus (HBV) test (CAP/CTM 48; Roche Molec-
ular Systems, Inc., Branchburg, NJ), a fully automated plat-
form for HBV DNA quantification in plasma with a capacity
of a lower limit of detection of 12 IU/mL and an upper limit
of quantification of 1.10 + 108 IU/mL (conversion factor =
5.82 copies/IU).
The PreS and S regions of the surface gene were amplified

by polymerase chain reaction, using the primers 783 [antisense]

*Address correspondence to Márcia da Costa Castilho, Av. Pedro
Teixeira, n 25, Bairro Dom Pedro, CEP: 69040-000, Manaus, Amazonas,
Brazil. E-mail: mcastilho@fmt.am.gov.br

768



(5¢-CTCACGATGCTGTACAGACTT-3¢) and 2821 [sense]
(5¢-CTC ACG ATG CTG TAC AGA CTT-3¢) [X51970.1
GenBank access], as previously described.17

The amplified samples were sequenced with forward and
reverse primers using a Big Dye Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems, Foster City, CA) and
purified with an X-Terminator (Applied Biosystems), according
to the manufacturer’s instructions. The sequences were per-
formed in an automatic Sequencer ABI PRISM 3130 XL
genetic analyzer (Applied Biosystems).
The sequences were edited and aligned using a BioEdit

Sequence Alignment Editor, version 7.0.9.0.18 The HBV
genotype was determined by nucleotide sequencing and anal-
ysis with the NCBI tool (http://www.ncbi.nlm.nih.gov/projects/
genotyping/formpage.cgi). The phylogenetic relationship of
the S gene fragment sequences was determined using Molec-
ular Evolutionary Genetics Analysis (MEGA), version 5.19 The
Tamura–Nei algorithm was used, employing the neighbor-
joining method. The phylogenetic groups were evaluated by
the bootstrap test (1,000 bootstrap replicates).
The prevalence rates of the two outcomes, anti-HBc-reactive

and HBsAg-reactive and their corresponding 95% confidence
intervals (95% CI) were estimated, taking into account the
study design. Differences of P £ 0.05 were considered signifi-
cant. The Epi Info version 3.3.2 software20 was used for data
handling; the explanatory variables included gender, age group,
HBV serological status, vaccination against HBV, previous
surgical interventions, having a tattoo, habit of sharing a tooth-
brush, use of illegal drugs, and personal history of clinical hep-

atitis. The variable categories were analyzed using logistic
regression, calculating the odds ratio (OR), and 95% CI for
the two outcome variables. Multiple logistic regression models,
including study variables with P £ 0.10, were designed to con-
trol for confounding variables using Stata/IC 10.0 software.21

This study was reviewed and approved by the Research
Ethics Committee of Fundação de Medicina Tropical Dr Heitor
Vieira Dourado (FMT-HVD), Manaus, Amazonas, Brazil
(no.: 1775/2006/FMT).

RESULTS

Altogether, we evaluated 225 individuals in the three villages
visited; 115 individuals (51.1%) in the village of Madeirinho;
59 (26.2%) in the village of Praia do Buraco; and 51 (22.7%)
in the village of Samaúma (Figure 1). Of the total, 121 (53.8%)
were male; ages ranged from 1 to 78 years, with a mean age of
21.3 years and a median of 15 years. There were no differ-
ences between the villages in terms of gender and age.
The overall prevalence of HBV infection and HBsAg car-

riage was 79.1% (95% CI = 78.50–79.70) and 10.2%, 95% CI =
8.96–11.44 (23 of 225), respectively. Among the HBsAg car-
riage, the prevalence of HBeAg was 47.8% (11 of 23), and the
mean age of these individuals was 10.8 years (1–36 years).
Chronic HBV infection, positivity for HBsAg, was associ-

ated with the Madeirinho community (P = 0.02); the presence
of an HBeAg-reactive individual in the family (P < 0.001), and
history of vaccination against hepatitis B (P = 0.02; Table 1).
Multiple logistic regression analysis showed that HBV

past infection was independently associated with increased
age, the study community Madeirinho, and the presence of
an HBeAg-reactive individual in the family (Table 2). For
HBsAg carriers, the multiple logistic regression analysis showed
an independent association with only the presence of an
HBeAg-reactive individual in the family (Table 1).
All of the HBsAg-reactive samples were positive for

HBV DNA; it was possible to determine the genotype in
65.2% (15 of 23) of the samples, that is, from those individuals
who presented a viral load > 400 IU/mL (Table 3). The
nucleotide sequences ³ 200 basepair (bp) were deposited
in the GenBank with the following access nos.: 17 LBra
(JQ246014); 26 LBra (JQ246015), 36 LBra (JQ246016);
38 LBra (JQ246017), 44 LBra (JQ246018), 45 LBra (JQ246019),
46 LBra (JQ246020), 68 LBra (JQ246021), 70 LBra (JQ246022),
74 LBra (JQ246023), 75 LBra (JQ246024), 78 LBra
(JQ246025), 124 LBra (JQ246026), 138 LBra (JQ246027). Of
the 15 samples sequenced, 14 were genotype F and 1 was
genotype D (Table 3). Those classified as genotype F showed
higher genomic similarities (Figure 2).
Of the HBsAg carriers, 82.6% (19 of 23) were detected in

households with two to five carriers per family. In three of the
families, the mothers were HBsAg carriers, two had an HBV
load below the limit of detection (< 12 IU/mL), whereas the
thirds was over 2,000 IU/mL. In the other families, the car-
riers were children or adolescents up to the age of 16 years.
In the HBeAg-reactive individuals, the HBV viral load was
> 10,000 IU/mL (Table 3).
The overall prevalence of the IgG antibodies to HDV

ranged from 3.5% in Madeirinho to 7.8% in Samaúma and
6.8% in Praia do Buraco. The presence of anti-HD was 7.3%
(95% CI = 5.89–8.71) among the anti-HBc carriers and 21.7%
(95% CI = 19.85–23.55) among individuals HBsAg positive.

Figure 1. Map of the study area.
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The HBV viral load among all the HBsAg/anti-HD positive
individuals, except one, was below the detection limit of the
test (< 12 IU/mL).

DISCUSSION

When the occurrence of HBV was first described in the
Brazilian Amazon region, at the end of the 1960s, its epide-
miology was associated with rural communities.15,22–26 In this
study, it was possible to investigate the epidemiological aspects
of HBV infection in the general populations of three rural
communities on the Purus river basin, in the municipality of
Lábrea, western Amazon, Brazil, using molecular epidemiol-
ogy as a tool to interpret the distribution and transmission
dynamics of HBV infection.
The overall prevalence rate of previous HBV infection

79.1%, and 10.2% of HBsAg carriage can still be classified as
a pattern of high endemicity26,27 even 20 years after the intro-
duction of the hepatitis B vaccine in the region. This differs
from the declines in prevalence described worldwide,28–32 as
well as in the rural communities of Southeast Asia,33 and even
in the Amazon region.34

Analysis of the prevalence of the marker of previous infec-
tion enables us to infer aspects of HBV distribution in the
population studied. Although in the univariate analysis, history
of hepatitis B vaccination shows a protective effect, the multi-
ple logistic regression model shows that factors such as age,
location, and the presence of an HBeAg-reactive carrier in the
family have influenced these results, revealing that the virus
still circulates with significant intensity in all age ranges,
regardless of the protective effect of the vaccine. There were,
however, important differences between the villages; the prev-
alence of total anti-HBc in the Madeirinho community was
around eight times higher compared with Praia do Buraco.
The HBV infection rates observed in these three villages

are among the highest ever reported nationally or worldwide,
including in the Amazon and in the countries of Southeast
Asia, where the reported epidemiological profiles also associ-
ate HBV with rural areas.25,26,35–38

The presence of HBsAg, the most commonly used marker
to determine present infection, is an important tool for evalu-
ating the mechanisms of transmission dynamics, its principal
actors, and for identifying the population at potential risk of
chronic liver disease.39

Table 1

Hepatitis B surface antigen (HBsAg-reactive) prevalence and associated variables, rural western Amazon, Brazil, 2008

Variable N N+(%) (95%CI) Crude OR (95%CI) P value AOR (95%CI)* P value

Total sample 225 23 (10.2) (8.96–11.44) – – – –

Age group
£ 2 17 2 (11.8) (17.34–16.26) 1
3–4 20 2 (10.2) (6.05–14.35) 1.5 (0.10–21.31) 0.76 0.65 (0.01–25.69) 0.82
5–9 36 6 (16.7) (13.72–19.68) 2.25 (0.25–20.13) 0.46 3.46 (0.17–70.30) 0.41
10–14 36 7 (19.4) (16.47–22.33) 2.62 (0.29–22.99) 0.38 0.91 (0.06–13.90) 0.95
15–19 22 2 (9.1) (5.12–13.08) 0.6 (0.05–6.79) 0.68 0.49 (0.02–12.49) 0.66
³ 20 94 4 (4.3) (2.32–6.28) 0.15 (0.01–1.21) 0.07 0.14 (0.05–3.73) 0.24

Village
P. do Buraco 59 2 (3.4) (0.89–5.91) 1 1
Samauma 51 4 (7.8) (5.17–10.43) 6 (0.89–40.14) 0.06 0.50 (0.02–9.93) 0.45
Madeirinho 115 17 (14.8) (13.11–16.49) 6.15 (1.21–25.55) 0.02 0.19 (0.00–5.01) 0.32

Sex
F 104 11 (10,6) (8.78–12.42) 1
M 121 12 (9.9) (8.21–11.59) 1.05 (0.39–2.74) 0.91 – –

Family history of hepatitis
No 60 3 (5.0) (2.53–7.47) 1 1
Yes 165 20 (12.1) (10.67–13.53) 2.60 (0.67–9.97) 0.16 5.63 (0.07–428.74) 0.78

Past hepatitis
No 189 16 (8.5) (7.14–9.86) 1 1
Yes 36 7 (19.4) (16.47–22.33) 1.64 (0.55–4.89) 0.37 0.61 (0.09–4.11) 0.61

Hep B vaccine
No 66 4 (6.1) (3.76–8.44) 1 1
Yes 159 19 (11.9) (10.44–13.36) 3.98 (1.2–13.19) 0.02 0.69 (0.05–8.45) 0.77

Past surgery
No 202 21 (10.4) (9.10–11.70) 1
Yes 23 2 (8.7) (4,80–12.60) 0.50 (0.10–2.55) 0.41 – –

Malaria
No 147 18 (12.2) (10.69–13.71) 1 1
Yes 78 5 (6.4) (4.25–8.55) 0.35 (0.11–1.08) 0.06 2.09 (0.35–26.63) 0.30

Jaundice
No 62 4 (6.5) (4.09–8.91) 1 1
Yes 163 19 (11.7) (10.26–13.14) 2.01 (0.59–6.82) 0.25 0.27 (0.00–13.94) 0.52

Sharing toothbrush
No 217 22 (10.1) (8.84–11.36) 1
Yes 8 1 (12.5) (6.02–18.98) 0.81 (0.08–8.29) 0.86 – –

HBeAg+ in the family
No 164 3 (1.8) (0.28–3.32) 1 1
Yes 61 20 (32.8) (30.74–34.86) 22.56 (5.77–88.09) > 0.001 60.72 (2.86–1288.37) 0.008

HBsAg = hepatitis B surface antigen; N = number of subjects; N+ = number of positive subjects; F = female; M = male; 95% CI = 95% confidence interval; *AOR = adjusted odds ratio for the
following variables: age, village, past family history of clinical Malaria, vaccination against HBV, and presence of HBeAg-reactive in the Family; P value = statistical significance.
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Table 2

Hepatitis B infection (anti-HBc-reactive) prevalence and associated variables, rural western Amazon, Brazil, 2008

Variable N N+(%) (95%CI) Crude OR (95%CI) P value AOR (95%CI)* P value

Total sample 225 178 (79.1) (78.50–79.70) – – – –

Age group
£ 2 17 6 (35.3) (31.48–39.12) 1
3–4 20 14 (70.0) (67.60–72.40) 4.27 (1.07–17.00) 0.04 10.97 (1.71–69.20) 0.011
5–9 36 22 (61.1) (59.06–63.14) 2.88 (0.86–9.55) 0.08 8.73 (1.65–46.23) 0.011
10–14 36 29 (80.6) (79.16–82.04) 7.59 (2.08–27.66) 0.002 26.38 (4.18–156.81) < 0.001
15–19 22 18 (81.8) (80.02–83.58) 8.25 (1.89–35.90) 0.005 24.86 (2.98–206.90) 0.003
³ 20 94 89 (94.7) (94.24–95.16) 32.63 (8.52–124.87) < 0.001 153.22 (19.15–1225.65) < 0.001

Village
P. do Buraco 59 37 (62.7) (60.84–64.26) 1 1
Samauma 51 41 (80.4) (79.19–81.61) 2.43 (1.02–5.81) 0.002 7.37 (2.05–26.47) 0.002
Madeirinho 115 100 (87.0) (86.34–87.66) 3.96 (1.85–8.45) < 0.001 8.36 (2.58–27.06) < 0.001

Gender
F 104 76 (73.1) (72.10–74.10) 1 1
M 121 102 (84.3) (83.59–85.01) 1.97 (1.02–3.80) 0.04 2.52 (1.03–6.13) 0.04

Blood transfusion
No 222 176 (70.3) (78.7–79.9) 1
Yes 3 2 (66.7) (60.17–72.23) 0.52 (0.04–5.89) 0.60 – –

Jaundice
No 62 47 (75.8) (74.58–77.02) 1
Yes 163 131 (80.4) (79.72–81.08) 1.31 (0.65–2.62) 0.45 – –

Malaria
No 147 108 (73.5) (72.67–74.33) 1 1
Yes 78 70 (89.7) (88.99–90.41) 3.18 (1.40–7.22) 0.005 1.11 (0.30–3.98) 0.87

Family history of hepatitis
No 60 45 (75.0) (73.74–76.26) 1 1
Yes 165 134 (81.2) (80.54–81.82) 1.38 (0.68–2.79) 0.36 0.83 (0.30–2.28) 0.72

Hepatitis B vaccine
No 66 62 (93.9) (93.30–94.50) 1 1
Yes 159 116 (73.0) (72.19–73.81) 0.17 (0.059–0.50) 0.001 0.27 (0.06–1.19) 0.08

Past of surgery
No 202 157 (77.7) (77.05–78.35) 1 1
Yes 23 21 (91.3) (89.99–92.51) 3.00 (0.67–13.32) 0.14 0.89 (0.14–5.64) 0.91

HBeAg+ in the Family
No 164 121 (73.8) (73.02–74.58) 1 1
Yes 61 57 (93.4) (93.23–93.57) 5.06 (1.73–14.79) 0.003 9.62 (2.13–43.74) 0.003

Anti-HBc = antibody against hepatitis B core antigen;N = number of subjects;N+ = number of positive subjects; F = female; M =male; 95% CI = 95% confidence interval; AOR* = adjusted for
the following variables: age = village, sex, past of clinical Malaria, vaccination against HBV, and HBeAg-reactive in the Family; P value = statistical significance.

Table 3

Baseline characteristics of HBsAg-positive individuals from Labrea participating in the study

ID/(IF) Village Age (years) Sex Degree of Parenthood History of vaccine Presence of HBeAg HBV DNA (IU/mL) HBV genotype

17 LBra (3M) Madeirinho 11 F Daughter Y Pos 1,8 + 107 F
25 LBra (5M) Madeirinho 14 F Daughter Y Neg 402 F
26 LBra (5M) Madeirinho 11 M Son Y Pos 6,12 + 104 F
27 LBra (5M) Madeirinho 7 F Daughter Y Neg 62,7 ND
29 LBra (5M) Madeirinho 13 M Daughter Y Neg < 12.0 ND
75 LBra (5M) Madeirinho 16 M Nephew Y Neg 473 F
35 LBra (6M) Madeirinho 16 F Daughter N Neg < 12.0 ND
36 LBra (6M) Madeirinho 3 M Son Y Pos > 1,10 + 108 F
38 LBra (6M) Madeirinho 1 M Grandson Y Pos > 1,10 + 108 F
44 LBra (7M) Madeirinho 8 M Son Y Neg 540 F
45 LBra (7M) Madeirinho 4 M Son Y Pos > 1,10 + 108 F
46 LBra (7M) Madeirinho 2 M Son Y Pos > 1,10 + 108 F
68 LBra (9M) Madeirinho 8 M Son Y Pos 4,2 + 104 F
70 LBra (9M) Madeirinho 5 F Daughter Y Pos > 1,10 + 108 F
71 LBra (10M) Madeirinho 36 F Mother N Neg < 12.0 ND
74 LBra (10M) Madeirinho 5 M Son Y Pos > 1,10 + 108 F
78 LBra (10M) Madeirinho 14 F Daughter Y Pos > 1,10 + 108 F
124 LBra (2S) Samauma 29 F Mother Y Neg 5,820 D
138 LBra (6S) Samauma 13 F Daughter Y Neg 5,420 F
141 LBra (6S) Samauma 11 F Daughter Y Neg < 12.0 ND
145 LBra (6S) Samauma 6 F Daughter Y Pos < 12.0 ND
203 LBra (7B) P. do Buraco 39 M Son N Neg < 12.0 ND
209 LBra (10B) P. do Buraco 44 F Mother N Neg < 12.0 ND

ID/(IF) = sample/(family number); M = male; F = female; plasma DNA-HBV viral load = IU/mL; * > upper (above range) limit of the assay; < ** lower (below range) limit of the assay; Neg =
negative; Pos = positive; ND = not determined.
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This study found a population of extremely young individ-
uals with chronic HBV infection, 43.5% were < 10 years of
age. Although univariate analysis reveals differences in the
distribution of HBsAg between the locations studied and the
history of hepatitis B vaccination, these results appear to have
been influenced by the presence of a potential transmitter
within the family, identified as probably the most significant
factor associated with HBV transmission in the region.
Our findings suggest that HBV is circulating with significant

intensity in the region, although the problem appears to be
greater in certain locations. The prevalence of total anti-HBc
was high in all three communities, but with significant differ-
ences between villages and age of the individuals, whereas the
prevalence of HBsAg was independently associated with the
presence of a household of an HBeAg-reactive carrier. This
indicates that, in this region, the condition of being a chronic
HBV carrier, despite being associated with early age at which
the infection occurs,40 is probably also associated with the
frequency and intensity of contacts with HBV.41

The characteristics of the potential transmitters (HBeAg-
reactive and with a high HBV viral load) suggests that trans-
mission occurs mainly in early ages and within a household
as they cluster in families. Vertical transmission may be also
possible, because carriers below 4 years of age were identi-
fied,42 however, most of the mothers who are carriers had
a low viral load.43 Nevertheless, vertical transmission has
been described from mothers who are carriers of isolated
anti-HBc.44

It was not possible to identify the factors that facilitate
the increased risk for horizontal transmission within families,
particularly between individuals from 5 to 14 years of age, in
communities where there were no reports of the practice of
tattooing, piercing, use of injectable or inhalable drugs, risky
sexual behaviors, or practices that facilitate contact with bodily
secretions. This heightened transmission is probably associ-
ated, first and foremost, with failures in the prevention and
control program and, second, with the existence of pockets of
high numbers of individuals who are HBV carriers.
The findings of predominantly genotype F, regardless of

the community studied, and the genomic similarity between
the isolates analyzed suggest that HBV was introduced to
these communities relatively recently, from a common
source.45,46 Genotype F has frequently been described in the
Amazon,17,26,47–49 particularly among native populations.4

Genotype D was found in an isolate from an individual who
was not native to the community studied and is similar to
genotypes found in the Mediterranean and East Africa.50 It
was probably introduced to the region by the Lebanese ped-
dlers during the “Rubber Cycle.”51

The molecular data confirmed the household nature of HBV
transmission in this population, as described previously in the
Amazon.7 However, among children 1 to 14 years of age, in
which the majority of chronic carriers and potential transmit-
ters were concentrated, it was not possible to identify the trans-
mission mechanisms. Studies carried out in the Amazon region
suggest that HBV transmission is associated with living with an
HBV carrier and with sharing items of personal use.6,7

We observed a high prevalence rate of total anti-HDV in
these three areas. Notably, similar rates were reported in the
Amazon region26,52,53 suggesting that HDV has not yet dis-
appeared from HBV hyperendemic areas. This may have
an important health burden because HDV is an established
cause of severe liver injuries.54,55 Nonetheless, HDV epide-
miology may differ in other areas of the Brazilian western
Amazon region.26,56 The low HBV viral load among those
HBsAg positive individuals is probably caused by the HDV
coinfection that may spontaneously suppress HBV.47,54–58

This study is a continuation of two previous studies2,15 to
define the most important aspects of HBV infection epidemi-
ology in this region described as highly endemic. A pattern is
outlined in which pockets of chronic HBV carriers are identi-
fied where potential reservoirs are concentrated. The impor-
tance of vertical transmission in the region has also been
determined, and is probably one of the mechanisms responsi-
ble for maintaining HBV circulation in populations at high
risk of developing liver cirrhosis and hepatocellular carci-
noma59 caused by the burden of HDV infection.
The continued expansion of migrations of individuals from

HBV endemic areas has a significant impact on the epidemi-
ology and increased prevalence of chronic hepatitis B in areas
previously considered non-endemic.60,61 Globalization causes

Figure 2. The phylogenetic tree constructed by the neighbor-
joining test, using the Tamura–Nei Model, and nucleotide sequences
of the S Gene of HBV, for 13 isolated strains (> 400 bp) from Labrea
(LBra). Bootstrap 1,000 replications and the values are indicated in
the roots of the tree.
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complex changes, bringing opportunities and risks to the
health of populations.62 Universal child immunization is the
most effective way of reducing the global prevalence of HBV
infection. The globalized community should assist resource-
limited areas where programs to control HBV have been
unsuccessful to eradicate pockets of ongoing transmission of
HBV compromising its global control.
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Richardus JH, 2009. An improved approach to identify epide-
miological and phylogenetic transmission pairs of source and
contact tracing of hepatitis B. J Med Virol 81: 425–434.

15. BragaWS, Castilho MC, Borges FG, Martinho AC, Rodrigues IS,
Azevedo EP, Scazufca M, Menezes PR, 2012. Prevalence of
hepatitis B virus infection and carriage after nineteen years
of vaccination program in the Western Brazilian Amazon.
Rev Soc Bras Med Trop 45: 13–17.

16. World Health Organization, 2011. Programmes and Projects –

Immunization Service Delivery and Accelerated Disease Control –
New Vaccines and Technologies – Hepatitis B. Available at:
http://www.who.int/immunization_delivery/new_vaccines/hepb/
en/index.html. Accessed November 16, 2011.

17. Oliveira CM, Farias IP, Ferraz da Fonseca JC, Brasil LM,
de Souza R, Astolfi-Filho S, 2008. Phylogeny and molecular
genetic parameters of different stages of hepatitis B virus infec-
tion in patients from the Brazilian Amazon. Arch Virol
153: 823–830.

18. Hall TA, 1999. BioEdit: a user-friendly biological sequence align-
ment editor and analysis program. Nucleic Acids Symposium
Series 41: 95–98.

19. Kumar S, Tamura K, Jakobsen IB, Nei M, 2001. Mega2.Molecular
18(Suppl 1): 17–19.

20. Centers for Disease Control and Prevention, 2005. Epi Info statis-
tical software [computer program].Version 3.3.2. Atlanta, GA.

21. StataCorp, 2006. Stata Statistical software [computer program].
Release IC 10.0. College Station, TX: StataCorp.

22. Bensabath G, Boshel J, 1973. Presença do antı́geno “Australia”
(Ag) em populações do interior do Estado do Amazonas-
Brasil. Rev Inst Med Trop Sao Paulo 15: 284–288.

23. Fonseca JC, Simonetti SR, Schatzmayr HG, Castejon MJ,
Cesario AL, Simonetti JP, 1988. Prevalence of infection with
hepatitis delta virus (HDV) among carriers of hepatitis B
surface antigen in Amazonas State, Brazil. Trans R Soc Trop
Med Hyg 82: 469–471.

24. Braga WSM, Brasil LM, Souza RAB, Castilho MC, Fonseca JC,
2001. Ocorrência da infecção pelo vı́rus da hepatite B (VHB)
e delta (VHD) em sete grupos indı́genas do Estado do Amazo-
nas. Rev Soc Bras Med Trop 34: 349–355.

25. Paula VS, Arruda ME, Vitral CL, Gaspar AM, 2001. Seropreva-
lence of viral hepatitis in riverine communities from theWestern
Region of the Brazilian Amazon Basin.Mem Inst Oswaldo Cruz
96: 1123–1128.

26. Viana S, Parana R, Moreira RC, Compri AP, Macedo V, 2005.
High prevalence of hepatitis B virus and hepatitis D virus in the
western Brazilian Amazon. Am J Trop Med Hyg 73: 808–814.

27. Tanaka J, 2000. Hepatitis B epidemiology in Latin America.
Vaccine 18(Suppl 1): S17–S19.

28. Alvarado-Mora MV, Fernandez MF, Gomes-Gouvêa MS, de
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Rondônia, Brazil. Virol J 7: 315.

49. Dias AL, Oliveira CM, Castilho MC, Silva MS, Braga WS, 2012.
Molecular characterization of the hepatitis B virus in autoch-
thonous and endogenous populations in the Western Brazilian
Amazon. Rev Soc Bras Med Trop 45: 9–12.

50. Hadziyannis SJ, 2011. Natural history of chronic hepatitis B
in Euro-Mediterranean and African countries. J Hepatol 55:
183–191.

51. Karam JT, 2004. A cultural politics of entrepreneurship in nation-
making: Phoenicians, Turks, and the Arab Commercial Essence
in Brazil. J Lat Am Anthropol 9: 319–351.

52. Casey JL, Niro GA, Engle RE, Vega A, Gomez H, McCarthy M,
Watts DM, Hyams KC, Gerin JL, 1996. Hepatitis B virus
(HBV)/hepatitis D virus (HDV) coinfection in outbreaks of
acute hepatitis in the Peruvian Amazon basin: the roles
of HDV genotype III and HBV genotype F. J Infect Dis
174: 920–926.

53. Manock SR, Kelley PM, Hyams KC, Douce R, Smalligan RD,
Watts DM, Sharp TW, Casey JL, Gerin JL, Engle R, Alava-
Alprecht A, Martı́nez CM, Bravo NB, Guevara AG, Russell
KL, Mendoza W, Vimos C, 2000. An outbreak of fulminant
hepatitis delta in the Waorani, an indigenous people of the
Amazon basin of Ecuador. Am J Trop Med Hyg 63: 209–213.

54. Rizzetto M, 2009. Hepatitis D: thirty years after. J Hepatol
50: 1043–1050.

55. Hughes SA, Wedemeyer H, Harrison PM, 2011. Hepatitis delta
virus. Lancet 378: 73–85.

56. Braga WS, Castilho MC, Borges FG, Leão JR, Martinho AC,
Rodrigues IS, Azevedo EP, Parana R, 2012. Hepatitis D virus
infection in the western Brazilian Amazon – far from a
vanishing disease. Rev Soc Bras Med Trop (in press).

57. Pollicino T, Raffa G, Santantonio T, Gaeta GB, Iannello G,
Alibrandi A, Squadrito G, Cacciola I, Calvi C, Colucci G,
Levrero M, Raimondo G, 2011. Replicative and transcriptional
activities of hepatitis B virus in patients coinfected with hepa-
titis B and hepatitis delta viruses. J Virol 85: 432–439.

58. Mumtaz K, Ahmed US, Memon S, Khawaja A, Usmani MT,
Moatter T, Hamid S, Jafri W, 2011. Virological and clinical
characteristics of hepatitis delta virus in South Asia. Virol J
8: 312.

59. Yuen MF, Tanaka Y, Fong DY, Fung J, Wong DK, Yuen JC, But
DY, Chan AO, Wong BC, Mizokami M, Lai CL, 2009. Inde-
pendent risk factors and predictive score for the development
of hepatocellular carcinoma in chronic hepatitis B. J Hepatol
50: 80–88.

60. Kim YO, 2004. Access to hepatitis B vaccination among Korean
American children in immigrant families. J Health Care Poor
Underserved 15: 170–182.

61. Macpherson DW, Gushulak BD, Macdonald L, 2007. Health and
foreign policy: influences of migration and population mobil-
ity. Bull World Health Organ 85: 200–206.

62. Gushulak BD, MacPherson DW, 2004. Globalization of infec-
tious diseases: the impact of migration. Clin Infect Dis 38:
1742–1748.

774 CASTILHO AND OTHERS


